A secreted form of the amyloid (3 protein precursor was isolated from the growth conditioned medium of the PC12 sympathetic nerve-like cell line. This protein is recognized by an antiserum that detects a protein of 140 kDa and a less abundant species of 115 kDa on NaDodSO4/acrylamide gels. The amyloid precursor proteins contain 0-linked sugars and tyrosine sulfate and bind to the glycosaminoglycan heparin. These results suggest a role for extracellular sulfated glycoproteins in the pathogenesis of Alzheimer disease.
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In patients with Alzheimer disease, filamentous amyloid structures accumulate in the central nervous system (1) . The amyloid is localized to the cores of areas of disorganized neuropil called neuritic plaques. Plaques contain inorganic aluminosilicate (2) , sulfated glycosaminoglycans (3) , and a major protein component called ,B protein (4) or A4 (5) . The partial sequence of the f8 peptide was used to isolate a complementary DNA clone from fetal brain that encodes a protein of =79 kDa, which is thought to be the precursor ofthe ,B peptide (6) . On the basis of the data of Kang et al., investigators in many laboratories have produced antisera against synthetic peptides derived from the precursor sequence and have used these reagents to examine the histological distribution and molecular characteristics of the putative precursor molecule. To date, we are aware of three antisera that apparently recognize distinct forms of the amyloid p protein precursor (ABPP). An antiserum against the predicted C terminus recognizes several proteins between 110 and 135 kDa (7) , while an antiserum prepared against residues 361-371 recognizes a protein of 92 kDa (8) . Finally, an antiserum prepared against peptide amino acids 556-566 of the ABPP detects a secreted protein antigen of =65 kDa on immunoblots after the digestion of heparan sulfate glycosaminoglycan with heparinase 2 (9) . This datum, plus the observation that the amino acid sequence of a tryptic peptide isolated from purified heparan sulfate proteoglycan (HSPG) is identical to that of the N terminus of the predicted ABPP, suggested that at least one form of the amyloid precursor is a proteoglycan core protein (9) . However, the possibility of multiple molecular forms of ABPP prompted us to examine the proteins released into the growth conditioned medium of PC12 cells with a number of antisera prepared against different synthetic peptides from the precursor sequence. One of these antisera reacts with a secreted PC12 protein that appears to be distinct from the proteoglycan. This 
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during the screening of several other anti-peptide antisera against PC12-secreted proteins, an antiserum made against a peptide of residues 175-186 reacted with a pair of secreted proteins of 115 and 140 kDa. The purpose of this manuscript is to characterize this antigen, designated GID.
As an initial step to separate the antigen reactive to anti-GID from PC12 HSPG, 15SO4-and [3H]leucine-labeled PC12 growth conditioned medium was run on a DE52 ion-exchange column and the fractions were assayed for HSPG and the GID antigen ( Fig. 1 ). HSPG was detected by heparinase 2-sensitive sulfate labeling in acrylamide gels (see Fig. 2 ), while GID immunoreactivity was determined by Western blot analysis. Fig. 1B shows that the major retained peak of 35SO4 on the ion-exchange column was the sulfatelabeled proteoglycan, while the GID antigen eluted at a slightly lower salt concentration (Fig. 1C) . Fig. 2 (12) . Since the ABPP has a predicted molecular mass of 79 kDa (6) and since neither tunicamycin nor a variety of enzymes that selectively remove N-linked saccharides neither reduce the molecular mass ofthe 115-and 140-kDa GID antigens nor remove the sulfate from the 12- "sSO4 for 18 hr in serum-free medium, desalted, and run in NaDodSO4/14% acrylamide gels, and the proteins were transferred to nitrocellulose. The nitrocellulose was either directly exposed to film (lanes 1 and 2) or immunoblotted with anti-GID antiserum (lanes [3] [4] [5] [6] . The secreted proteins of PC12 and F3 were also detected by silver staining (lanes 7 and 8). Lanes: 1, PC12 15SO4 label (arrows indicate labeled GID antigens); 2, PC12 35SO4, heparinase 2-treated; 3, PC12, GID immunoblot; 4, PC12, heparinase 2-treated, GID immunoblot; 5, PC12, GID immunoblot; 6, F3, GID immunoblot; 7, PC12 silver stain; 8, F3 silver stain. The molecular masses (kDa) of the GID antigens were accurately determined by electrophoresis on 7.5% acrylamide gels using BRL 14C-labeled molecular mass standards.
antigens (unpublished observations), it was possible that the sulfate in the GID antigen is associated with tyrosine. Therefore, the major high molecular weight band of sulfatelabeled GID immunoreactive protein was excised from the gel following heparinase 2 treatment and, along with the GID-free HSPG (Fig. 1, fractions tyrosine sulfate content by two-dimensional thin-I matography. Fig. 3 shows that both the GID antig proteoglycan core protein contain tyrosine sulfate the amount of isotope subjected to hydrolysis and that the 31SO4 is covalently associated with either 1 sugars, it is possible to determine the relative dist sulfate between these two pools (11) . The resu experiments demonstrate that >95% ofthe sulfate antigen is tyrosine sulfate, while <0.5% of the pr4 sulfate is in tyrosine sulfate. The majority of sulfate is in the glycosaminoglycan. Less than 0.1 total secreted "5SO4 is associated with GID a sulfate. These results show that both the ABPP-r4 antigen arid the HSPG core protein contain tyrosi Although the GID antigen apparently does n sulfated heparin sulfate, it is possible that it glycosaminoglycan that lacks sulfate (13 8) .
Since the GID antigen and the PC12 HSPG coe Sepharose 4B column under nondissociating con( published observation) and the GID antigen elut HSPG on an ion-exchange column with a salt gri 1) , it is possible that the GID antigen may be a hepa molecule. To test this possibility, 35SO4-labeled P conditioned medium was passed over a heparin affinity column and the bound proteins were eli step gradient of NaCl. The fractions were then do run on NaDodSO4/acrylamide gels. Immunoblots 4, lanes [1] [2] [3] [4] [5] [6] These proteins bind to heparin (Fig. 4) and contain tyrosine arin binding sulfate (Fig. 3) . Although neither appears to contain any C12 growth carbohydrate-linked sulfate, a variant cell line that has Sepharose altered proteoglycan metabolism secretes undetectable uted with a amounts of the GID antigen (Fig. 2) . These data, plus the esalted and observation that the electrophoretic mobilities of these proshow (Fig. teins are insensitive to tunicamycin and N-glycanases, sugithe growth gest that carbohydrate residues on the antigen may be and eluted 0-linked sugars related to glycosaminoglycans. Unsulfated
In contrast heparan sulfate is a possibility, for a cell line has been lane 8). The described that secretes both chondroitin sulfate and (unsul-)teins were fated) chondroitin proteoglycans (13 The possibility still exists that the protein sequenced in our purified HSPG preparation was the GID antigen, which copurified with the HSPG (9) . Since the two proteins are separable on DEAE (Fig. 1) and on Sepharose 4B in guanidine hydrochloride (unpublished data), we feel that this is unlikely. Sequence analysis of the unambiguously separated proteins will be required to confirm their identity.
The ability of the GID antigen to bind to heparin is demonstrated in Fig. 4 . Since heparin and heparan sulfate are quite similar, it follows that the GID form of the ABPP is able to interact with HSPGs. The strength of this interaction is, however, relatively weak since GID is eluted from a heparin affinity column with 0.3 M salt (Fig. 4) and does not comigrate with HSPG on an ion-exchange column in a salt gradient (Fig.  1 ). Since sulfated glycosaminoglycans are both prominent and ubiquitous components of amyloid plaques (3, 16) , the involvement of proteoglycans in the disease cannot be ignored. Fig. 3 shows that both GID and the HSPG core protein contain tyrosine sulfate. Tyrosine sulfation is a relatively common posttranslational modification of secretory proteins (12) . PC12 cells contain several proteins that are O-sulfated on tyrosine residues and two of these proteins have been identified as secretogranins I and II (17) . The tyrosine sulfated secretogranins are smaller than the GID antigen and are intracellular vesicle proteins, which are not found outside the cell except after membrane depolarization (17) . A comparison of the amino acid sequences around tyrosine sulfate in a large number of proteins suggests that sulfation sites have an abundance of acidic amino acid residues, lack basic residues, and are devoid of neighboring cysteine residues (18) . The ABPP contains at least four such sites in the extracellular domain and one in the putative intracellular portion of the molecule (6) . Although the role of tyrosine sulfate is not understood, many matrix proteins such as collagen (19) contain tyrosine sulfate. Since it is likely that sulfation alters protein or protein-matrix interactions as well as solubility, the extent of protein sulfation in Alzheimer plaques should be examined.
